HEATHKIT 


MODEL QM.-1 


Power Requirements 
Tube Complement. 


Frequency Range . 


Inductance Scale Range 
Actual Capacity Scale Range 
Effective Capacity Scale Range 
Vernier Capacity Scale Range. 
“Q” Scale Range. 
Dimensions. 


. 


SPECIFICATIONS 


. 115 volts AC 50/60 cycles 30 watts 


.1 - 12AT7 Oscillator 

.1- 6AL5 VTVM diode 

.1 - 12AU7 VTVM amplifier 
.1 - OD3/VR150 Regulator 

. 1 - 6X5 Rectifier 

.150 KC - 18 MC 

.1 micro H. - 10 milli H. 


.40 MMF - 450 MMF 

.40 MMF . 400 MMF 

.-3 MMF ~- +3 MMF 

.250 Full scale xl or x2 

.8" high x 17" wide x 6" deep 


ASSEMBLY AND OPERATION OF THE 
HEATHKIT mopvet ami Gi-METER 


The Heathkit Q Meter is a device of particular value in work with resonant circuits within the 
frequency and capacity ranges of the instrument. 


It enables the user to measure the performance of suchcircuits and their component parts at the 
operating frequency and thus makes it possible to predict their operation in actual use. 


The instrument is designed for simplicity both in construction and operation. But despite its 
simplicity, it is capable of excellent performance if properly constructed and intelligently used. 
Care used in the assembly will reward the builder through year: of reliable service. Maximum 
results will be obtained by following the information given in this manual. It is, therefore, sug- 
gested that you take a few minutes now and read the entire manual, or at least the parts pertain- 
ing to the assembly and testing before any work is started. 


Large pictorial diagrams are furnished and should be attached above the work space for your 
convenience. These pictorials are duplicated in a smaller size in this manual. The large prints 
may be discarded after the instrument is completed, but the manual should be retained in your 
files for future reference. 


Unpack the kit carefully and check each part against the parts list. In doing this, you will be- 
come acquainted with each part. Refer to the charts and othe: i formation on the inside covers 
of this manual to help you identify any parts about which there inay be a question. Make sure 
that all parts have been removed from the packaging material before it is thrown out. If ashort- 
age is found in checking the parts, please notify us promptly and return the inspection slip with 
your letter to us. Hardware items are counted by weight, and if a few are missing, please obtain 
them locally if at all possible. 


Resistors and controls generally have a tolerance rating of plus or minus 20% unless otherwise 
stated in the parts list. Thus a 10,000 ohm resistor may test anywhere from 8,000 ohms to 
12,000 ohms. The tolerance on condensers is frequently even greater. This Heathkit is designed 
to accommodate such variations. 


Small changes in parts may be made by the Heath Company. Such changes will not adversely 
affect the operation of the instrument, and will only be made to insurea minimum delay in filling 
your order. 


Read the note on soldering on the inside back cover. Use only good quality rosin core radio 
type solder. Pastes or acids, while making soldering even easier, do not result in a joint sat- 
isfactory for radio work. Their cleaning action is based on a corroding effect, even if they are 
called “non-corrosive.” They are very difficult to remove completely after the joint is made, 
and even a minute quantity left behind combines with moisture in the air to form a highly cor- 
rosive and conductive product. Thus weeks or months later the continued corrosion may “eat 
up” the wire or the joint causing failure through open circuits, »r the conduction through the 
growing deposit may cause sufficient leakage to prevent proper :speration. 


NOTE: All guarantees are voided and we will not repair or service instru- 
ments in which acid core solder or pastes are used. {When in doubt about 


solder, it is recommended that a new roll plainly marked “Rosin Core Radio 
Solder” be purchased.) 
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CONSTRUCTION 


Many components are supplied by the manufacturers with leads that are longer than the partic- 
ular application requires. Of course, all excess lead lengths sho':!d be removed so as to permit 
neat and direct installation of the components involved. Following this procedure will very def- 
initely result in superior operation of the instrument and will afford you a sense of satisfaction 
and pride in having constructed a neat and professional appearing instrument. 


Whenever necessary, use spaghetti or insulated sleeving over bare wires on condensers or re- 
sistors to prevent the leads from accidentally touching adjacent terminals, wires or metal parts. 


Assemble the generator sub-chassis, the “Q” sub-chassis, the main chassis and the panel sep- 
arately. Wire the first three parts as far as possible, then mount both sub-chassis on the main 
chassis and complete the wiring between these parts. Attach the panel to the chassis and com- 
plete the wiring. 


BLANK 


NS _AS 
NUMBERED 


TUGE 
SOCKET 


—— 


PIN NUMBERING ON NOVAL TUBE SOCKET 


PIN NUMBERING ON MINIATURE TUBE SOCKFT 


Note: Make sure the miniature and noval tube sockets are free from obstructions before in- 


serting the tubes. These small tubes are fairly fragile and broken tubes are not covered by any 
guarantee. 
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TERMINAL INSULATOR | 
S'FIPS 


‘@ SUBCHASSIS ff 
ff 


INSTALL FEET 
AS SHOWA 


NOTE: After the tuning condensers are mounted on the “Q” sub-chassis, temporarily fasten the 
jig to the “Q” sub-chassis and to the insulated terminal strip (with the binding posts attached). 


Solder the brass strip to the terminal strip solder lugs and the lugs on the tuning condensers. 
Now the jig can be removed and discarded. 


| 
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TEST AND CALIBRATION 


Check the wiring carefully before proceeding. Inspect all solder connections and make sure 
that no stray wires or excess solder can cause short circuits between adjacent contacts on sock- 
ets and switches. 


Plug the line cord into a 117 volt 50-60 cycle AC outlet. CAUTION: Do not connect to a DC out- 
let for this will seriously damage the power transformer. 


Set the CAL-Q switch to CALand turn the SET LEVEL control clockwise. After a minute warmup 
observe that the level can be set to the red X1 mark on the meter. Turn the generator RANGE 
switch and FREQUENCY control to make sure that the Xl reading can be obtained at all frequen- 
cies. 


Insert the test coil in the “L” terminals. Set the CAL-Q switch to Q and adjust the SET ZERO 
control for a zero reading on the meter. Set generator section tc 1,000 kc and check the level 
by turning the switch to CAL. Switch back to Q and adjust RESONANCE control for maximum 
meter reading. 


ny i 


FREQUENCY RESONANCE 


MECHANICAL 
ZERO ADJUST 


VERNIER 


SET LEVEL |. SET ZERO CAL-O 


Calibrate the generator section as follows: Tune in a local broadcast station with a frequency 
between 1200 and 1500 kc on a receiver placed near the Q meter. Set the RANGE switch and 
FREQUENCY control to the same frequency as the station. With a non-metallic screw driver 
adjust the trimmer on the generator sub-chassis for the lowest frequency audible beat (zero 
beat). Now the calibration should be well within 3 percent on all four ranges. This completes 
the calibration of this section. 


Calibrate the Q section as follows: Turn the instrument off and set the mechanical zero-adjust 
screw on the meter case until the pointer accurately reads zero. Turn the instrument on again. 
Set the generator section to 1,000 kc and adjust the level to the X1 mark. Switch to @ and turn 
RESONANCE control for maximum indication. With a non-metallic screw driver adjust the 
trimmer on the Q sub-chassis until the meter reads the Q valu= indicated on the test coil. Set. 
the VERNIER to O and adjust the vointer on the shaft of the RESONANCE control to read on the 
Cr scale the capacity indicated on the test coil. This completes the calibration. 
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IN CASE OF DIFFICULTY 
If the instrument fails to perform as outlined in the foregoing section, proceed as follows: 
1. Read the next section entitled “Principles of Operation.” + thorough understanding of the 
circuits used may reveal the cause for difficulties. 
2. Check the voltages at the tube sockets and compare them with representative readings tab- 


ulated below. Substantial deviation from the tabulated values would point toa particular por- 
tion of the circuit. Further investigation of that portion may evest the Cause. 


| , VOLTAGE TABLE 


Cpe tn ne ee 
een ne ee a ee ee tmaieinseierlimanunmdaseninename amenempeneadamseeinmenmantnemmnambenmensitimanannant 
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NC means NO CONNECTION 
T means used as tiepoint 


0-1.5 NEG 
0-1.5 NEG 0-1.5 NEG 


3. Have a friend check over the wiring. Wiring errors, consistently overlooked by the construc- 
tor, may be readily evident to another person. 

4. Write to the Heath Company, referring to this instrument as the QM-1 “Q” meter, and des- 
cribe the difficulty encountered. Include all information that may be helpful in locating the 
cauSe, such as voltage readings for instance, and we will attempt to advise you by return 
mail. 

5. Should inspection reveal the necessity for Pe clarenent of 2 component, write to the Heath 
Company immediately. The following information should be -<upplied in all cases: 


A. Thoroughly identify the part in question by using the part number and description found 
in the manual parts List. 


B. Identify the type and model number of kit in which it is used. 
©. Mention the order number and date of purchase. 
D. Describe the nature of defect or reason for requesting re.lacemept. 
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PRINCIPLES OF OPERATION 


The Heathkit Q meter operates on the principle of resonance. To obtain this resonance two con- 
ditions must be satisfied: 1. There must be a circuit capable of resonance and 2. There must 
be a signal to which the circuit can resonate. The signal is obtained from the generator section, 
and the resonant circuit comprises the Resonance condenser, the injection padder condenser and ~ 
the coil under test. 


To indicate resonance, a VITVM circuit is connected across the Resonance condenser. If the 
current flow from the generator through the injection padder is obtained from a constant cur- 
rent source, the voltage at resonance developed across the coil under test will be directly pro- 
portional to the Q of the circuit. Because the injection padder is much larger than the reson- 
ance condenser, practically all of the voltage across the coil appears also across the resonance 
condenser, where it is measured by the VT VM. 


When external capacities are connected in parallel with the resonating condenser this may no 
longer be true and the indicated circuit Q may be much less than the actual circuit Q. (If the 
external capacity and the resonating condenser total 5000 MMF, the indicated Q will be half the 
actual Q.) 


By making the injection current a constant of a particular valu::, the voltage developed across 
the coil will be a direct indication of the Q of the circuit. 


RESONANCE 
CONDENSER 


‘Q* DIODE 


INJECTION 
PADDER 


TO METER TO VTVM CIRCUIT 


To insure a constant injection current, the output from the generator is metered to give a con- 
stant voltage. This voltage is applied to a small trimmer condenser in series with the large in- 
jection padder. The current depends practically only on the setting of the trimmer condenser 
and the padder current is constant. Adjustment of the trimmer during calibration correlates the 
meter readings of the Calibrate and VTVM sections. The relatic.ship is independent of frequency 
and thus this calibration at one frequency will hold for all others. 


Any losses in the resonant circuit will be reflected in a lower Q reading. In general, the losses 
in the coil are much greater than the losses in the other circuit elements. Thus the Q of the 
circuit is the Q of the coil for all practical purposes. However, for conditions involving very 
high Q coils and low capacity settings of the resonating condenser, this may not hold fully true, 
and the losses in the resonating condenser and the stray capacity reduce the indicated circuit Q 
below the Q of the coil itself. The effective value of the resonating condenser is used in the tests 
involving resonance with a coil, and is equal to the capacity of the resonating condenser in series 
with the injection padder. 


The total capacity between the C terminals is the sum of the caygacity of the resonating conden- 
ser and the stray capacities in the wiring. This value is used in capacity measurements using 
the substitution method. 
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APPLICATIONS 


The Heathkit Q Meter is an instrument that enables the technician to simulate conditions actually 
encountered in’ practical circuits, and measure the performance of the coil or condenser by it- 
self. Such measurements are made at the operating frequency ::ctually encountered in the prac- 
tical circuits. 


Thus, during the design of a broadcast receiver for instance, a loop antenna may be checked for 
frequency coverage and for loss of Q because of the proximity of the chassis. Various types of 
loop antennas may be compared by noting the Q indicated. The distributed capacity of the loop 
may readily be determined. The effective capacity of a tuning condenser, as well as the mini- 
mum capacity may be readily determined by substitution. 


The following procedures may be used as a guide until sufficient familiarity with the instrument 
and its characteristics are obtained. 


To measure inductance of a coil: 
Set the CAL-Q switch to CAL. 
Connect the coil to the L terminals. 
Set the generator section to the appropriate frequency (250 kc, 790 kc, 2.5 me or 7.9 mc) 
and adjust the level to X1. 
Set the CAL-Q switch to Q. 
Adjust the resonating condenser for maximum indication on the meter. 
Read the inductance on the L scaleand place the decimal point properly by referring to the 
inductance-frequency tabulation. 


To measure the Q of a coil: 
Set the CAL-Q switch to CAL. 
Connect the coil to the L terminals. 
Set the generator section to the desired frequency, and adjust the level to X1. 
Set the CAL-Q switch to Q. 
Adjust the resonating condenser accurately for maximum indication on the meter. 
Read the @ value on the meter. 
(If the meter reads off scale, switch to CAL. and adjust level to X2. Switch to Q and double 
the indicated value.) 


To measure the distributed capacity of a coil: 
Set the CAL-Q switch to CAL. 
Connect the coil to the L terminals. 
Set the resonating condenser to a convenient small value such as 100 MMF (Cf scale). 
Note this value as C 
Set the CAL-Q switch ta Q and adjust the generator section to give a maximum indication. 
Note the generator frequency. . 
Set the generator to a new frequency equal to half the old frequency. 
Switch to CAL and check the level. 
Switch back to Q and adjust the resonating condenser to give a maximum indication. 
Note the value on the Cy scale and call this value Cp- 
The distributed capacity is readily calculated from 


Cp-4Ca 
Ch = ———— 
Note: While this method is not completely accurate, it will suffice in most cases. The accuracy 
may be increased by repeating the measurement with different values of Ca and averaging 
the results. 


rm 
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To measure a Capacity of 425 MMF or less: 
Set the CAL-Q switch to CAL. 
Connect a test coil to the L terminals. 
Connect the unknown condenser to the C terminals. ; 
Set the resonating condenser to a small value (50 MMF for instance). Note this value | Ce : 
Ca 2% MP fsa 
Switch to Q and adjust the generator section for maximum indication. Pye, a 3 oe 
‘Switch to CAL and remove the unknown condenser. ae se 

Switch to Q and adjust the resonating condenser for maximu:n indication. 

Note the reading on the Cy scale as C 

The unknown capacity is readily calculated from 


. Cx=Cp-Ca. Sy vias 5 
Note: For very small capacities, the vernier dial may be used instead of the: main dial. 


To measure a capacity larger than 425 MMF: eK 
Set CAL-Q switch to CAL. 
Connect a test coil of known snauctande to the L terminals. 
Connect the unknown condenser to the C terminals. 
Switch to Q and adjust the generator for maximum reading. 
Note the capacity on the Crp scale as Cg. 
Note the generator frequency as f. Fett te : 
Using the inductance of the test coil as L, calculate the resonating capacity Cy from 


1 { 
6.28221 Se 
This value Cp is made up of three parts: C A in parallel with the enkacw capacity eet and 


and the two in series with the 5000 MMF injection p2dder. The ‘unknown is calculated 
from ; 


Cae ue, elie 


5000 Cp 


cS = ——— —«- C gud 
X” 5000-CRh 


SERVICE 


In event continued operational difficulties of the completed instrument ‘are o experienced, ‘may we 
remind you that the facilities of the Heath Company Service Department are at your disposal. 

Your instrument may be returned for inspection and repair for a service charge of $5.00 plus 
the cost of any additional material that may be. required. THIS SERVICE POLICY APPLIES 
ONLY TO COMPLETED INSTRUMENTS CONSTRUCTED IN ACCORDANCE WITH ° THE IN- 
STRUCTIONS AS STATED IN THE MANUAL. Instruments that ire’ not’ completed: ‘or instru- 
ments that are modified will not be accepted for repair. Instruments geri © evidence oa acid 

core solder or paste fluxes will be returned NOT repaired. — | 


The Heath Company is willing to offer its utmost cooperation to assist you in obiaining the seve 
per operation of your instrument and therefore the factory repair service: is: s available 2 OE Po 
iod of one year from the date of purchase. 


NOTE: Before returning this unit, be sure that all parts are securely mounted. ‘Attach ‘a tag to 
the instrument, giving name, address and trouble experienced. Pack in a rugged Container, pre- 
ferably wood, using at least three inches of shredded newspaper or excelsior’’on all sides. Do 
not ship in the original kit carton as this carton is not considerec adequate for safe shipment of 
the completed instrument. Ship by prepaid express, if possible. Return ’shipment will be made 
by express collect. Note that a carrier cannot be held liable for paar in transit if PACKING 
IN HIS OPINION is insufficient. 


Prices are Subject to change without notice. : The Heath Company veenweena right to eioee the . 
design of this instrument without incurring liability for equipment previously supplied. 
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WARRANTY 


The Heath Company limits its warranty of any parts supplied vith any Heathkit (except tubes, 
meters and rectifiers, where the original manufacturer’s guarantee only applies) to the replace- 
ment within three (3) months of said part, which when returned with prior permission, postpaid, 
was, in the judgment of the Heath Company, Befeclive at the time of sale. 


The assembler is urged to follow the instructions exactly as provided. The Heath Company as- 
sumes no responsibility or liability for any damages or injuries sustained in the assembly of the 
device or in the operation of the completed instrument. 


HEATH COMPANY 
Benton Harbor, Michigan 
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Part 


Resistors 


Controls 
11-9 
19-2 


Condensers 
20-26 
21-11 
21-14 
Zr 19 
25-3 
26-11 
26-12 
31-7 
31-5 


Coils 
40-11 
40-12 
40-13 
40-14 
40-23 


Parts 
No. Per Kit 
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pmb eh feck peek peek 


Description 


470 Ohms 

680 Ohms 

2200 Ohms 

22K Ohms 

47K Ohms 

100K Ohms 

3.3 Meg. Ohms 
5.6 Ohm 1 watt 
1500 Ohm 2 watt 
4700 Ohm 2 watt 
2500 Ohm 5 watt 


3000 Ohms w.w. 
10K Ohms w. switch 


5000 MMF special 
150 MMF 

1000 MMF 

5000 MMF 

8 + 8 MFD 450 volt 
450 MMF tuning 

7 MMF tuning 
2.5-6 MMF 

7-35 MMF 


Band “A” coil 
Band “B” coil 
Band “C” coil 
Band “D” coil 
Test coil 


Transformer—Crystal—Switches _ 


54-5 
06-1 
63-48 
63-49 


Wire 
89-1 
212-M2 
340-2 
344-1 
346-1 
349-1 


Knobs— Pilot 
462-4 
462-6 
462-Mil 
100-M10 
252-12 
413-1 
434-22 
455-1 
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1 


1 
1 
1 


a ed 


Power transformer 
Crystal diode 
4-position switch 
DPDT—NS switch 


Line cord 

Brass strip 

Length bare wire 
Length hookup wire 
Length sleeving 
Length dial cord 


light parts 


mere Ree DOP Oe 


Acorn knob 
Tuning knobs 
Pointer knobs 
Dial pointers 
Pilot light nut 
Pilot light jewel 
Pilot light socket 
Pilot light bushing 


PARTS LIST 


Part Parts 
No. Per Kit 


Sockets—Ter minals 
434-2 
434-16 
434-34 
427-2 
100-M16 
75-9 
431-1 
431-3 
431-5 


Ne ee PPR Dd dD 


Description 


Octal sockets 

Noval 9-pin sockets 
Miniature 7-pin socket 
Terminal bases 
Terminal caps 

Terminal insulator strip 
1-lug terminal strip 
3-lug terminal strip 
4-lug terminal strips 


Meter—Tubes—Lamp 


407-17 1 
411-17 1 
411-24 1 
411-25 1 
411-32 : 
411-40 1 
412-1 1 


Metal Parts 
90-18 
100-M19 
200-M40 
200-M41 
200-M42 

203-M41F31 
204-M42 

205-M17F33 

205-M17F34 
205-M18 
453-M6 

Hardware 
250-2 6 
250-7 
250-8 
250-9 18 
250-15 2 
250-16 2 
250-22 
252-1 
252-3 3 
252-4 
252-7 
253-1 
253-2 
253-10 
253-11 
254-1 3 
254-2 
254-5 
254-6 
254-7 
259-1 
73-1 
204-9 
258-1 
261-1 


a 
IJ 


Pre PNMODP PNY TR WOH PN WD Pp 


50 microamp. meter 
6X5 tube 

12AT7 tube 

12AU7 tube 
OD3/VR150 tube 
6AL5 tube 

#47 lamp 


Cabinet 

Dial drive pulleys 
Chassis 

Gen. subchassis 
“Q” subchassis 
Panel 

Drive Shaft bracket 
Gen. dial plate 

“Q” dial plate 
Assembly template 
Drive shaft 


3-48 screws 

6-32 x 3/16 screws 

#6 x 3/8 Sheet metal screws 
6-32 x 3/8 screws 

8-32 x 1/8 pointer set screws 
8-32 x 3/16 pulley set screws 
8-32 knob set screws 

3-48 nuts 

6-32 nuts 

8-32 nuts 

Control nuts 

#6 flat fiber washer 

#6 Fiber shoulder washer 
Control nickel washers 

“E” washer 

#6 lockwashers (int.) 

#8 lockwashers 

Control lockwashers 

#6 lockwashers (ext.) 

#3 lockwashers 

#6 solder lugs 

3/8 rubber grommets 

Angle brackets 

Dial cord spring 

Rubber feet 
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9. Read the resistance, indicated by the dial 
pointer, on the “‘B”’ scale. If the dial pointer 
indicates ‘‘1’’ (center scale), the resistors are 
of equal value. If the pointer is to the right or 
left of center scale, the resistors are not of 
equal value. To determine the value of the 
unequal resistor (or any component being 
tested), use the formulas shown inside the 
“B”’ scale. If the pointer is to the left of center 
scale, use the formulas inside the left scale. 


(ea SHR ATHEIT® 


If the pointer is to the right of center scale, 
use the formulas inside the right scale. It is 
normal when you measure extreme values, 
to have the null occur at a much higher 
point on the null meter. © 


NOTE: If you use batteries with your RLC Bridge, 
measure them with a voltmeter occasionally to make 
sure they are 7 volts or higher. This will insure the 
best operation for your bridge. | 


IN CASE OF DIFFICULTY 


This part of the Manual provides you with informa- 
tion that will help you locate and correct difficulties 
which may occur in your RLC Bridge. This informa- 
tion is divided into two sections. The first section, 


“General,” contains suggestions of a general nature in 


the following areas: 
@ Visual check and inspection. 
@ Precautions to observe when bench testing. 


The second section contains a ‘Troubleshooting 
Chart’’ that has a series of ‘‘Conditions”’ and ‘Possible 
Causes.” Start your troubleshooting procedure by 
first reading the following ‘“‘General”’ section. Then 
proceed to the appropriate ‘‘Condition”’ and ‘‘Possi- 
ble Cause.” 


GENERAL 


Visual Checks 


1. About 80% of the kits that are returned for repair 
do not function properly due fo poor soldering. 
Therefore, you can eliminate many troubles by a 
careful inspection of connections to make sure 
they are soldered as described in the ‘‘Solder- 
ing’ section of the ‘“Assembly Notes.” Re-heat 
any doubtful connections and be sure all the 
wires are soldered at places where several wires 
are connected. Check carefully for solder 
bridges between circuit board foils. 


2. Check to be sure that all transistors are in their 
proper locations, and are installed correctly. 


3. Check the value of each part. Be sure that the 
proper part has been wired into the circuit, as 
shown in the Pictorial diagrams and is called 
out in the wiring instructions. It would be easy, 
for example,to install a 200 2 (red-black-brown) 
resistor in a step that calls for a 1000 2 (brown- 
black-red) resistor. 


4. Recheck the wiring. Trace each lead in colored 
pencil on the Pictorial as you check it. It is fre- 
quently helpful to have a friend check your 
work. Someone who is not familiar with the unit 
may notice something you have consistently 
overlooked. 


5. Checkall component leads connected to the cir- 
cuit board. Make sure the leads do not extend 
too far through the circuit board and make con- 
tact with other connections or parts. 


6. Check all of the wires that are connected to the 


circuit board or switches to be sure the wires do 
not touch each other or other lugs. Make sure all 
wires are properly soldered. 


7. If the difficulty still is not cured, read the “Pre- 
cautions for Bench Testing,’”’ then refer to the 
“Troubleshooting Chart.” 
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SPECIFICATIONS 


. | Power Requirements. ........... .115 volts AC 50/60 cycles 30 watts 


1 
Pape Complementeqa. biota Se, PS A2ZAT? Oscillator 
pt LOS, eee OP 6 AL5 VTVM diode 
1 
1 


. . . . . ° . . . . . . . . . 


12AU7 VTVM amplifier 
OD3/VR150 Regulator 
GI  ORVe $l Oy Heel: -"6X5: Rectifier 
Prieticn -MaunU Cs yoemweld) <7 6 6) sie wo «100 KC - 18: MC 
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Actual Capacity Scale Range. ........40 MMF - 450 MMF 
Effective Capacity Scale Range .......40 MMF - 400 MMF 
Vernier Capacity Scale Range. .......-3 MMF - +3 MMF 
Scale naneG. yw. 8 ls ee oe Ve. 280; 250 Full’scale.xl or:;x2 
Benedetti RN high x 17" wide’ x 6" deep 


~ ASSEMBLY AND OPERATION OF THE 
HEATHKIT mopvet e@m-1 Q-METER 


The Heathkit Q Meter is a device of particular value in work with resonant circuits within the 
frequency and capacity ranges of the instrument. 


It enables the user to measure the performance of suchcircuits and their component parts at the 
operating frequency and thus makes it possible to predict their operation in actual use. 


The instrument is designed for Simplicity both in construction and operation. But despite its 
Simplicity, it is capable of excellent performance if properly constructed and intelligently used. 
Care used in the assembly will reward the builder through years of reliable service. Maximum 
results will be obtained by following the information given in this manual. It is, therefore, sug- 
gested that you take a few minutes now and read the entire manual, or at least the parts pertain- 
ing to the assembly and testing before any work is started. 


Large pictorial diagrams are furnished and should be attached above the work space for your 
convenience. These pictorials are duplicated in a smaller size in this manual. The large prints 
may be discarded after the instrument is completed, but the manual should be retained in your 
files for future reference. 


Unpack the kit carefully and check each part against the parts list. In doing this, you will be- 
come acquainted with each part. Refer to the charts and other information on the inside covers 
of this manual to help you identify any parts about which there may be a question. Make sure 
that all parts have been removed from the packaging material before it is thrown out. If ashort- 
age is found in checking the parts, please notify us promptly and return the inspection slip with 
your letter to us. Hardware items are counted by weight, and if a few are missing, please obtain 
them locally if at all possible. 


Resistors and controls generally have a tolerance rating of plus or minus 20% unless otherwise 
stated in the parts list. Thus a 10,000 ohm resistor may test anywhere from 8,000 ohms to 
12,000 ohms. The tolerance on condensers is frequently even greater. This Heathkit is designed 
to accommodate such variations. 


Small changes in parts may be made by the Heath Company. Such changes will not adversely 
affect the operation of the instrument, and will only be made to insurea minimum delay in filling 
your order. 


Read the note on soldering on the inside back cover. Use only good quality rosin core radio 
type solder. Pastes or acids, while making soldering even easier, do not result in a joint sat- 
isfactory for radio work. Their cleaning action is based on a corroding effect, even if they are 
called “non-corrosive.” They are very difficult to remove completely after the joint is made, 
and even a minute quantity left behind combines with moisture in the air to form a highly cor- 
rosive and conductive product. Thus weeks or months later the continued corrosion may “eat 
up” the wire or the joint causing failure through open circuits, or the conduction through the 
growing deposit may cause sufficient leakage to prevent proper operation. 


NOTE: All guarantees are voided and we will not repair or service instru- 


ments in which acid core solder or pastes are used. (When in doubt about 


solder, it is recommended that a new roll plainly marked “Rosin Core Radio 
Solder” be purchased.) 
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CONSTRUCTION 


Many components are supplied by the manufacturers with leads that are longer than the partic- 
ular application requires. Of course, all excess lead lengths should be removed So as to permit 
neat and direct installation of the components involved. Following this procedure will very def- 
initely result in superior operation of the instrument and will afford you a sense of satisfaction 
and pride in having constructed a neat and professional appearing instrument. 


Whenever necessary, uSe Spaghetti or insulated sleeving over bare wires on condensers or re- 
sistors to prevent the leads from accidentally touching adjacent terminals, wires or metal parts. 


Assemble the generator sub-chassis, the “Q” sub-chassis, the main chassis and the panel sep- 
arately. Wire the first three parts as far as possible, then mount both sub-chassis on the main 
chassis and complete the wiring between these parts. Attach the panel to the chassis and com- 
plete the wiring. 


BLANK 


BLANK 


TUBE 
SOCKET 


PIN NUMBERING ON MINIATURE TUBE SOCKET PIN NUMBERING ON NOVAL TUBE SOCKET 


Note: Make sure the miniature and noval tube sockets are free from obstructions before in- 
serting the tubes. These small tubes are fairly fragile and broken tubes are not covered by any 
guarantee. 


‘@ SUBCHASSIS f 


INSTALL FEET 
AS SHOWAM 


NOTE: After the tuning condensers are mounted on the “Q” sub-chassis, temporarily fasten the 
jig to the “Q” sub-chassis and to the insulated terminal strip (with the binding posts attached). 
Solder the brass strip to the terminal strip solder lugs and the lugs on the tuning condensers. 
Now the jig can be removed and discarded. 
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“ TEST AND CALIBRATION 


Check the wiring carefully before proceeding. Inspect all solder connections and make sure 
that no stray wires or excess Solder can cause short circuits between adjacent contacts on sock- 
ets and switches. 


Plug the line cord into a 117 volt 50-60 cycle AC outlet. CAUTION: Do not connect to a DC out- 
let for this will seriously damage the power transformer. 


Set the CAL-Q switch to CALand turn the SET LEVEL control clockwise. After a minute warmup 
observe that the level can be set to the red X1 mark on the meter. Turn the generator RANGE 

switch and FREQUENCY control to make sure that the X1 reading can be obtained at all frequen- 

cies. 


Insert the test coil in the “L” terminals. Set the CAL-Q switch to Q and adjust the SET ZERO 
control for a zero reading on the meter. Set generator section to 1,000 kc and check the level 
by turning the switch to CAL. Switch back to Q and adjust RESONANCE control for maximum 
meter reading. 


‘ L’ 


FREQUENCY RESONANCE 


MECHANICAL 
ZERO ADJUST 


RANGE | ® ® ‘ VERNIER 


SeAeeevel SET ZERO CAL.-Q 


Calibrate the generator section as follows: Tune ina local broadcast station with a frequency 
between 1200 and 1500 kc on a receiver placed near the Q meter. Set the RANGE switch and 
FREQUENCY control to the same frequency as the station. With a non-metallic screw driver 
adjust the trimmer on the generator sub-chassis for the lowest frequency audible beat (zero 
beat). Now the calibration should be well within 3 percent on all four ranges. This completes 
the calibration of this section. 


Calibrate the Q section as follows: Turn the instrument off and set the mechanical zero-adjust 
screw on the meter case until the pointer accurately reads zero. Turn the instrument on again. 
Set the generator section to 1,000 ke and adjust the level to the X1 mark. Switch to Q and turn 
RESONANCE control for maximum indication. With a non-metallic screw driver adjust the 
trimmer on the Q sub-chassis until the meter reads the Q value indicated on the test coil. Set 
the VERNIER to O and adjust the pointer on the shaft of the RESONANCE control to read on the 
Cr scale the capacity indicated on the test coil. This completes the calibration. 
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IN CASE OF DIFFICULTY 


If the instrument fails to perform as outlined in the foregoing section, proceed as follows: 


Ii 


2. 


3. 


4. 


Read the next section entitled “Principles of Operation.” A thorough understanding of the 
circuits used may reveal the cause for difficulties. 

Check the voltages at the tube sockets and compare them with representative readings tab- 
ulated below. Substantial deviation from the tabulated values would point toa particular por- 
tion of the circuit. Further investigation of that portion may reveal the cause. 


Have a friend check over the wiring. Wiring errors, consistently overlooked by the construc- 
tor, may be readily evident to another person. 

Write to the Heath Company, referring to this instrument as the QM-1 “Q” meter, and des- 
cribe the difficulty encountered. Include all information that may be helpful in locating the 
cauSe, such as voltage readings for instance, and we will attempt to advise you by return 
mail. 

Should inspection reveal the necessity for replacement of a component, write to the Heath 
Company immediately. The following information should be supplied in all cases: 


A. Thoroughly identify the part in question by using the part number and description found 
in the manual parts list. 

B. Identify the type and model number of kit in which it is used. 

C. Mention the order number and date of purchase. 

D. Describe the nature of defect or reason for requesting replacement. 
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PRINCIPLES OF OPERATION 
The Heathkit Q meter operates on the principle of resonance. To obtain this resonance two con- 
ditions must be satisfied: 1. There must be a circuit capable of resonance and 2. There must 
be a signal to which the circuit can resonate. The signal is obtained from the generator section, 
and the resonant circuit comprises the Resonance condenser, the injection padder condenser and 
the coil under test. : 


To indicate resonance, a VITVM circuit is connected across the Resonance condenser. If the 
current flow from the generator through the injection padder is obtained from a constant cur- 
rent source, the voltage at resonance developed across the coil under test will be directly pro- 
portional to the Q of the circuit. Because the injection padder is much larger than the reson- 
ance condenser, practically all of the voltage across the coil appears also across the resonance 
condenser, where it is measured by the VI VM. 


When external capacities are connected in parallel with the resonating condenser this may no 
longer be true and the indicated circuit Q may be much less than the actual circuit Q. (If the 
external capacity and the resonating condenser total 5000 MMF, the indicated Q will be half the 
actual Q.) 


By making the injection current a constant of a particular value, the voltage developed across 
the coil will be a direct indication of the Q of the circuit. 


680 CAL. 
RECTI- 
“FIER 


TO METER TO VTVM 


RESONANCE 
CONDENSER 


‘Q* DIODE 


INJECTION 
PADDER 


CIRCUIT 


— 
_ 


To insure a constant injection current, the output from the generator is metered to give a Con- 
stant voltage. This voltage is applied to a small trimmer condenser in series with the large in- 
jection padder. The current depends practically only on the setting of the trimmer condenser 
and the padder current is constant. Adjustment of the trimmer during calibration correlates the 
meter readings of the Calibrate and VTVM Sections. The relationship is independent of frequency 
and thus this calibration at one frequency will hold for all others. 


Any losses in the resonant circuit will be reflected in a lower Q reading. In general, the losses 
in the coil are much greater than the losses in the other circuit elements. Thus the Q of the 
circuit is the Q of the coil for all practical purposes. However, for conditions involving very 
high Q coils and low capacity settings of the resonating condenser, this may not hold fully true, 
and the losses in the resonating condenser and the stray capacity reduce the indicated circuit Q 
below the Q of the coil itself. The effective value of the resonating condenser is used in the tests 
involving resonance with a coil, and is equal to the capacity of the resonating condenser in series 
with the injection padder. 


The total capacity between the C terminals is the sum of the capacity of the resonating conden- 
ser and the stray capacities in the wiring. This value is used in capacity measurements using 
the substitution method. 
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APPLICATIONS 


The Heathkit Q Meter is an instrument that enables the technician to simulate conditions actually 
encountered in’ practical circuits, and measure the performance of the coil or condenser by it- 
self. Such measurements are made at the operating frequency actually encountered in the prac- 
tical circuits. 


Thus, during the design of a broadcast receiver for instance, a loop antenna may be checked for 
frequency coverage and for loss of Q because of the proximity of the chassis. Various types of 
loop antennas may be compared by noting the Q indicated. The distributed capacity of the loop 
may readily be determined. The effective capacity of a tuning condenser, as well as the mini- 
mum Capacity may be readily determined by substitution. 


The following procedures may be uSed as a guide until sufficient familiarity with the instrument 
and its characteristics are obtained. 


To measure inductance of a coil: 

Set the CAL-Q switch to CAL. 

Connect the coil to the L terminals. 

Set the generator section to the appropriate frequency (250 kc, 790 kc, 2.5 me or 7.9 mc) 
and adjust the level to X1. 

Set the CAL-Q switch to Q. 

Adjust the resonating condenser for maximum indication on the meter. 

Read the inductance on the L scaleand place the decimal point properly by referring to the 
inductance-frequency tabulation. 


To measure the Q of a coil: 
Set the CAL-Q switch to CAL. 
Connect the coil to the L terminals. 
Set the generator Section to the desired frequency, and adjust the level to X1. 
Set the CAL-Q switch to Q. 
Adjust the resonating condenser accurately for maximum indication on the meter. 
Read the Q value on the meter. 
(If the meter reads off scale, switch to CAL. and adjust level to X2. Switch to Q and double 
the indicated value.) 


To measure the distributed capacity of a coil: 
Set the CAL-Q switch to CAL. 
Connect the coil to the L terminals. 
Set the resonating condenser to a convenient small value such as 100 MMF (Cg scale). 
Note this value as Cy. 
Set the CAL-Q switch to Q and adjust the generator section to give a maximum indication. 
Note the generator frequency. 
Set the generator to a new frequency equal to half the old frequency. 
Switch to CAL and check the level. 
Switch back to Q and adjust the resonating condenser to give a maximum indication. 
Note the value on the Cp scale and call this value Cp. 
The distributed capacity is readily calculated from 


Cp-4Ca 


Cy = 5 


Note: While this method is not completely accurate, it will suffice in most cases. The accuracy 
may be increased by repeating the measurement with different values of Ca and averaging 
the results. 
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To measure a capacity of 425 MMF or less: 
Set the CAL-Q switch to CAL. 
Connect a test coil to the L terminals. 
Connect the unknown condenser to the C terminals. 
Set the resonating condenser to a small value (50 MMF for instance). Note this value as 
Ca. 
Switch to Q and adjust the generator Section for maximum indication. 
Switch to CAL and remove the unknown condenser. 
Switch to Q and adjust the resonating condenser for maximum indication: 
Note the reading on the Cp scale as Cp. 
The unknown capacity is readily calculated from 


Cy=Cp-Ca. 
Note: For very small capacities, the vernier dial may be used instead of the main dial. 


To measure a capacity larger than 425 MMF: SE 
Set CAL-Q switch to CAL. 
Connect a test coil of known inductance to the L terminals. 
Connect the unknown condenser to the C terminals. 
Switch to Q and adjust the generator for maximum reading. 
Note the capacity on the Cy scale as Cy. 
Note the generator frequency as f. 
Using the inductance of the test coil as L, calculate the resonating capacity Cp from 


1 aoe 
OR a rae Le; OL oe 
Bo” 6.282121 LO 
This value Cp is made up of three parts: Ca in parallel with the unknown capacity Cy and 
and the two in series with the 5000 MMF injection padder. The unknown is calculated 
from 
5000 Cp 


CG — jenn an G 
"'5000= Cy vee 


SERVICE 


In event continued operational difficulties of the completed instrument are experienced, may we 
remind you that the facilities of the Heath Company Service Department are at your disposal. 
Your instrument may be returned for inspection and repair for a service charge of $5.00 plus 
the cost of any additional material that may be required. THIS SERVICE POLICY APPLIES 
ONLY TO COMPLETED INSTRUMENTS CONSTRUCTED IN ACCORDANCE WITH THE IN- 
STRUCTIONS AS STATED IN THE MANUAL. Instruments that are not completed or instru- 
ments that are modified will not be accepted for repair. Instruments showing evidence of acid 
core solder or paste fluxes will be returned NOT repaired. 


The Heath Company is willing to offer its utmost cooperation to assist you in obtaining the pro- 
per operation of your instrument and therefore the factory repair service is available for a per- 
iod of one year from the date of purchase. 


NOTE: Before returning this unit, be sure that all parts are securely mounted. Attach a tag to 
the instrument, giving name, address and trouble experienced. Pack in a rugged container, pre- 
ferably wood, using at least three inches of shredded newspaper or excelsior on all sides. Do 
not ship in the original kit carton as this carton is not considered adequate for safe shipment of 
the completed instrument. Ship by prepaid express, if possible. Return shipment will be made 
by express collect. Note that a carrier cannot be held liable for damages in transit if PACKING 
IN HIS OPINION is insufficient. 


Prices are subject to change without notice. The Heath Company reserves the right tochange the 
design of this instrument without incurring liability for equipment previously supplied. 
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WARRANTY 


The Heath Company limits its warranty of any parts supplied with any Heathkit (except tubes, 
meters and rectifiers, where the original manufacturer’s guarantee only applies) to the replace- 
ment within three (3) months of said part, which when returned with prior permission, Bestia: 
was, in the judgment of the Heath Company, defective at the time of sale. 


The assembler is urged to follow the instructions exactly as provided. The Heath Company as- 
Ssumes no responsibility or liability for any damages or injuries sustained in the assembly of the 
device or in the operation of the completed instrument. 
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PARTS LIST 


< . 


Part Parts Part Parts 
No. Per Kit Description No. Per Kit Description 
Resistors Sockets—Terminals 
1-6 1 470 Ohms 434-2 2 Octal sockets 
1-7 1 680 Ohms 434-16 2 Noval 9-pin sockets 
1-44 3 2200 Ohms 434-34 1 Miniature 7-pin socket 
1-22 1 22K Ohms 427-2 4 Terminal bases 
1-25 1 47K Ohms 100-M16 a Terminal caps 
1-26 1 100K Ohms 75-9 1 Terminal insulator strip 
1-38 + 3.3 Meg. Ohms 431-1 1 1-lug terminal strip 
1-41A 1 9.6 Ohm 1 watt 431-3 1 3-lug terminal strip 
1-14B 1 1500 Ohm 2 watt 431-5 2 4-lug terminal strips 
1-2B 1 4700 Ohm 2 watt 
3-1E 1 2500 Ohm 5 watt Meter—Tubes—Lamp 
407-17 1 50 microamp. meter 
Controls 411-17 1 6X5 tube 
11-9 1 3000 Ohms w.w. 411-24 1 12AT7 tube 
19-2 1 10K Ohms w. switch 411-25 1 12AU7 tube 
411-32 1 OD3/VR150 tube 
Condensers 411-40 1 6AL5 tube 
20-26 1 5000 MMF special 4129.1 1 #47 lamp 
21-11 1 150 MMF 
21-14 4 1000 MMF Metal Parts 
21-15 2 5000 MMF 90-18 1 Cabinet 
25-3 1 8 + 8 MFD 450 volt 100-M19 2 Dial drive pulleys 
26-11 2 450 MMF tuning 200-M40 1 Chassis 
26-12 1 7 MMF tuning 200-M41 1 Gen. subchassis 
31-7 1 2.5-6 MMF 200-M42 1 “Q” subchassis 
31-5 1 7-35 MMF 203-M41F31 1 Panel 
204-M42 1 Drive Shaft bracket 
Coils 205-M17F33 1 Gen. dial plate 
40-11 1 Band “A” coil 205-M17F34 1 “Q” dial plate 
40-12 1 Band “B” coil 205-M18 1 Assembly template 
40-13 1 Band “C” coil 453-M6 1 Drive shaft 
40-14 1 Band “D” coil ‘ Hardware 
40-23 1 Test coil 250-2 6 3-48 screws 
250-7 17 6-32 x 3/16 screws 
Transformer—Crystal—Switches | 250-8 17 #6 x 3/8 Sheet metal screws 
54-5 1 Power transformer 250-9 18 6-32 x 3/8 screws 
56-1 1 Crystal diode 250-15 2 8-32 x 1/8 pointer set screws 
63-48 1 4-position switch 250-16 2 8-32 x 3/16 pulley set screws 
63-49 1 DPDT—NS switch 250-22 4 8-32 knob set screws 
252-1 6 / 3-48 nuts 
Wire 252-3 33 6-32 nuts 
89-1 1 Line cord 252-4 2 8-32 nuts 
212-M2 1 Brass strip 252-7 4 Control nuts 
340-2 1 Length bare wire 253-1 1 #6 flat fiber washer 
344-1 1 Length hookup wire 253-2 1 #6 Fiber shoulder washer 
346-1 1 Length sleeving 253-10 3 Control nickel washers 
349-1 1 Length dial cord 253-11 : “RB” washer 
254-1 37 #6 lockwashers (int.) 
Knobs—Pilot light parts 254-2 2 #8 lockwashers 
462-4 1 Acorn knob 254-5 4 Control lockwashers 
462-6 2 Tuning knobs 254-6 4 #6 lockwashers (ext.) 
462-Mil 4 Pointer knobs 254-7 6 #3 lockwashers 
100-M10 2 Dial pointers 259-1 9 #6 solder lugs 
252-12 1 Pilot light nut 73-1 2 3/8 rubber grommets 
413-1 1 Pilot light jewel 204-9 + Angle brackets 
434-22 1 Pilot light socket 258-1 1 Dial cord spring 
455-1 1 Pilot light bushing ; 261-1 4 Rubber feet 


Page 10 


rage ts 


TEELLLLL 


any 
asva 39. 
aaus 


Hees ae 
éivil 


a 


Gi 
Pot 
35 


aver 


See vant 
awe aes 
aq INOW 
HOLIMS. JONVY 
Ost 
AONANDIYS 


bedi 


MA ai 
~t— 


OLb 
Gendt 


HDLIMS JONVY 


0 


“SISSVHD NIVW NO SISSVHOD 
-@NS LNNOW OL GV3H Y3QNN 
SYSHSVMHDO1 HLIM SMAYDS 


2€-9 LYOHS 3Sn 
“1108 30VdS 


ONILNNOW 1109 OL 
qg3u3qi0s Si LVHL 

TWNINY3SL T1095 
O1 GV31 LD3NNO9 


eat M3¥9S Z2€-9 LYOHS 
( Sail \ anal i 

: i) ) } ar 5 -[]-emt3 

+ 3 


Y3SHSYMHIO71 
LNN 2€-9 fl Nc TWNYSLNI 


il 
il 
a 


Bile) 
ONva.d, 
Ne 1109 © 
miley) QNV€.9, 
aNvaw, ~*~ 
>) 
SU3SN3QNOD ONINNL nt § (6) we re fp ww 
LNNOW OL M3489S - 
2€-9 LYOHS 389 i 
Spm} - Poh 2 Se ree 
‘\ 
wausvmno1 7 


HLOOL TIWNYSLNI 


SISSVHD -8NS 
YOLVYANAD g 


Page 12 


YAHSYVM .4> 


ooo! 


‘aaHSaW 
me AvINa Salvi SUaSN30NOD 
Bis ol waehaono9 oka 
Znve2l i SISSVHD -€NS .0, ONIONINLS TWIG smauos ze-9 {| H 
SS 
i Y . . eae LYOHS asn 
K Sar ay ( N : 


cat Hl lll — 


YSHSYMHIO1 
HLOOL 1) 


TWNYSLNI II —== 
AWW SE-Z 


VWWID3adS 
JWW O0O0OOS 


BG/ 
— ated : 
Vy ame) ay ’ didls sSvua Ps =| EN 
YG . oo 4 
I Sai ee 7 a A irks mb pth hee om ¥3q710S : 
= | ill ° z : 


inci yagld lvls : 
S) S TWNIWdaL aon “Sis Se ore 
YaHSWM Y3HSWM907 a ——~ u3HSWMX907 
BAHSVAADO) i lM ; UIGINOHS Y3al4 HLOOL IWNY3LXA TM 
ssvug HLOOL 
WNUaLXa 


I 


ny 
Y 4 


HLOOL IVNY3SLXI 
| J 


Page 13 


\ 
*wOV71a } 
GNV G3¥-yNOvVIs YO YNdOVIE 


\ 
QNVY MOVIE YAHLID 38 AVW 
SQV31 AYVWIidd YAWHOSSNVHL ‘*3L0ON 


13ax90S 
OSIYA 


NOV 18 


VW 


DONNY 4 
, AOS?-Q4W8 +04W8 
SISSVHOENS : 
0 


SISSVHO8NS 
YOLVYANAD 


Owaz Las 


HILIMS 
HILIMS YO TOHLNOD 4O4 
ONILNNOW TWNI4 


VWgAal Las 
YaHSYMH9O7 


TOYLNOD 


SISSVHD ONIYIM S3TIHM 
ONILNNOW AYVeOdW3l 
\ YIHSVM T3M9IN TOYLNOOD = PS 
— = 1 
HO LIMS we N HOLIMS NV errs SJ] 70uLNOD “a 
uO | —--- --|--|| --[]---- 4O —---|-- ~~—[SEtNO? a 
1O¥LNOD Oo ~ an Medel 2 Sp 
04¥LNOD <4 Y3HSYMYIO7 co 
P ie JOYLNOD A, 
' i 
| 
SISSVHD |! || 3NWd ee 


SISSVHO | 
it 


ae 4) (4) a oa 
[ 
OB GENERATOR 
SECTION SECTION 


SZ 


AY 


\ 
\ 
\ 

\\Ss 

SS 

@ 


<5 


OD3/ VRI50 


WIRING OF EXPORT TYPE 
110/220 VOLT POWER 
TRANSFORMERS 


These transformers have a dual primary for use on either 110 Volts or 220 Volts. 
Wire as shown. 
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Gas filled lamps are faster than vacuum lamps (other factors being equal). 
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_ Some factors affecting incandescent and nigrescent times. 


Resistance in the circuit increases the incandescent time only. 


“The lower the current, 
Longer life lamps are slower. 
At reduced voltages, lamps are slower. 
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The BRC UHF Q Meter 


NUMBER 28 


A New and Versatile Tool for Industry 


Q Meters have been serving the elec- 
tronic industry for more than 25 years. 
Their original application was in the 
design of resonant circuits, in the early 
days of radio-frequency communication 
and broadcasting. Since that time, Q 
Meter applications have multiplied 
many times.!-® The basic theory of Q 
Meter operation, however, had not 
changed in all these years, until the de- 
velopment of the new Type 280-A UHF 
Q Meter.® With this change in Q meter 
theory, the applications will be again 
multiplied. It is these applications which 
are the subject of this article. Conven- 
tional measurements, as well as uncon- 
ventional measurements, which include 
measurements of external resonators and 
components, and “in circuit” Q measure- 
ments, will be described. 

PURPOSE 

The prime purpose of the UHF Q 
Meter is to provide industry with a 
versatile impedance measuring device 
that will extend Q Meter measure- 
ments into the UHF region. The UHF 
Q Meter is a completely self-contained 
instrument capable of measuring, rap- 
idly, conveniently, and directly; Q, ca- 
pacitance, and inductance. Until the ad- 
vent of the UHF Q Meter, a signal 
generator, a frequency measuring de- 
vice, a dc amplifier, and coupling de- 
vices were required to make these 
tedious measurements. Inductance and 
Capacitance, which are now measured 
directly on the calibrated capacitor, 
could not even be measured with the 
above-mentioned equipment. 

OPERATING PRINCIPLE 

To aid the reader in understanding 

the theory of the Type 280-A UHF Q 


YOU WILL FIND... 
Applications of the UHF Q Meter .... 
Service Note 


A 10-500 Mc Signal Generator Power 
Amplifier 
Editor's Note 


CHARLES W. QUINN, Sales Enginzer 


“In-circuit’” Q Measurement 


Coil Measurement 


Figure 1. Typical Applications of the UHF Q Meter 


Meter it might be well, at this point, 
to compare its operation with the lower 
frequency Q Meters, Types 260-A and 
190-A. This comparison is especially 
necessary if use of the instrument, be- 
yond the obvious, is to be understood. 

Preivous Q Meters utilized the defini- 
tion that: 


Q= “= * 
Rg Xip 


“S and P subscripts indicate series and parallel 
configurations respectively. 


as well as the fact that the voltage (Vc), 
measured across C (the Q capacitor), 
has the following relationship at re- 
sonance: 


Vo = Qys, or Q = 


S 
*Within the Q Meter Q limits (10 to 625). 
Vc is the voltage injected in series with 


Vc* 


the resonant circuit (Figure 2A). If Vs 
is held constant, then Q is directly 
proportional to Vc. This basic principle, 
employed in all BRC Q Meters to date, 
is known as the “resonant rise” system 
of making Q measurements. 


ESTIMATE THE Q 
WIN A Q METER 


Yes, that is all that is necessary to win 
the factory reconditioned Type 160-A Q 
Meter which will be on display in the BRC 
exhibit at the IRE show to be held in the 
New York Coliseum from March 20th 


through March 23rd. The Q Meter will be 
awarded to the person whose estimate is 
closest to the actual measured Q of the 
resonator circuit to be displayed with the 
Q Meter. Complete information will be 
furnished by engineering personnel on duty 
in BRC Booths 3101 and 3102. 


BOONTON RADIO CORPORATION 


THE BRC NOTEBOOK is published 
four times a year by the Boonton Radio 
Corporation. It is mailed free of charge 
to scientists, engineers and other inter- 
ested persons in the communications 
and electronics fields. The contents may 
be reprinted only with written permis- 
sion from the editor. Your comments 
and suggestions are welcome, and 
should be addressed to: Editor, THE 
BRC NOTEBOOK, Boonton Radio 
Corporation, Boonton, N. J. 


The UHF Q Meter uses the peak of 
the resonant rise to indicate resonance, 
but employs the bandwidth relation- 
ship to determine Q, where: 


Q=— (1) 
Af 

This relationship is shown in Figure 3. 
Af is the frequency between the two 
0.707 voltage or half-power points, and 
f, is the frequency at the resonant 
peak. As is indicated in Figures 2B and 
4, there are other more subtle differ- 
ences between the UHF Q Meter and 
the lower frequency Q Meters. These 

will be discussed later in this article. 

FIELDS OF APPLICATION 

Because of its frequency range, the 
UHF Q Meter will serve many fields 
of the electronic industry. Some ex- 

amples of these fields ar given below. 


FIELD 
Missile and Rocketry 


Communications 

Navigational Aids 

Radar and ECM 

Components and Materials Manufacturers 


Other Fields 


BASIC OR CONVENTIONAL 
MEASUREMENTS 
Set-up Procedure 

A condensed set-up procedure will 
be given at this point to aid in the 
understanding of the instrument. The 
same procedure is used for both con- 
ventional and unconventional measure- 
ménts. Arbitrarily, it will be assumed 
that the Q and inductance of a small 
inductor is going to be measured. 

1. The component to be measured 
is clamped to the Q capacitor terminals 
by means of the clamps provided (Fig- 
ures 1 and 5), or by other suitable 
means. 

2. The oscillator is adjusted to pro- 
de the desired dperating frequency by 


On 


Simplified Circuit — Conventional Q Meter 
(Type 260-A) 


DETECTOR 
PROBE 


RESONANCE 


ATTENUATOR ©) eee 


= *L IS THE RESIDUAL 
(8) INDUCTANCE OF THE 
Q CAPACITOR. 
Simplified Circuit — UHF Q Mefer Type 
280-A 


Figure 2. Comparison of Q Measuring Circuit 
in Conventional Q Meters and the UHF Q Meter 


means of the appropriate controls. 

3. The Q capacitor is adjusted until 
output is indicated on the resonance 
indicating meter. gs 

4. The Q capacitor or Q (fre- 
quency) control is adjusted in con- 
junction with the Level Set control un- 
til the resonant peak is indicated at full 
scale on the meter. 


SPECIFIC APPLICATIONS 


Telemetry and remote control systems. 
Commercial, mobile airborne, relay networks, 
amateur radio, UHF television, and military 
mobile. 

Glide slope 


Inductors, cores, capacitors, UHF diodes, in- 
sulators, and resistors. 

Accelerator, medical research, and basic re- 
search of new materials. 


5. The appropriate Q dial is locked 
and its knob is turned clockwise to the 
proper half-power point which is indi- 
cated by the Q mark on the meter. 

6. The Q dial is unlocked and the 
knob is rotated in a counter-clockwise 
direction, through the resonant peak, 
to the opposite half-power point; also 
indicated by the Q mark on the meter. 

7. Q is read directly on the appro- 
priate Q dial, capacitance is read di- 
rectly on the Q capacitor dial, and in- 
ductance is read directly on the integral 
calculator dial. 

Inductance Measurements 

Inductance measurements are a pri- 
mary function of all Q Meters. The 
UHF Q Meter capacitance dial is pro- 


vided with a spiral calculator to com- 
pute inductance from the capacitance 
reading and the operating frequency. 
The direct-reading inductance range is 
2.5 to 146 millimicrohenries (Figure 
6). Circuit Q is read directly from the 
CIRCUIT Q dial. 


Capacitance Measurements 

Capacitance measurements are sec- 
ond nature to a Q Meter, but are in- 
direct measurements in that a reference 
inductor or “work. coil” must be used. 
The clamps provided with the instru- 
ment permit individual connection of 
the work coil and the unknown ca- 
pacitor for parallel measurements. Stan- 
dard Q Meter procedure is then em- 
ployed to make the parallel capacitance 
measurements and all general Q Meter 
equations 2:7 apply. Q; and C; of the 
work coil are measured; then, with the 
unknown capacitor (Cx) connected, Qe 
and Cy are also measured. The capaci- 
tance of the specimen is determined by 
the equation: 


Cx = CG, — Cp 
and 
Qi Qe Cx 
x = ———_— x 
Qi — Qe Cy 


Dissipation factor measurements can be 
estimated by referring to Figure 7. For 
example, a 20-pf capacitor with an R, 
of 0.3 meg. ohms can be detected at 210 
Mc, using a work coil with a Q; of 300. 
The dissipation factor would then be 
computed at follows: 


1 Xo 40 
D SSS SS = 
Rp 03108 
= 130 3104" 
= 0.00013 


Consider the possibilities if higher Q 
inductors or resonators are used. One 
precaution must be observed if a false 
value for Cy is to be avoided. The Q 
dials (frequency dials) should always 
be returned to their original positions, 
indicated by the resonant peak of the 
work coil before Cx was connected. 

Direct parallel capacitance measure- 
ments, over a range of 0.1 to 20 pf are 
possible on the UHF Q Meter. It is also 
possible that capacitance measurements 
can be extended by a “step-shunt” tech- 
nique. This technique requires that an 
external capacitor or capacitors (C4 and 
Cy), within the capacitance range of 
the instrument, be calibrated at the 
frequency of measurement. The external 
capacitors are then connected in parallel 


‘=: 
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with another work coil and the Type 
280-A internal capacitor is adjusted to 
peak. The external capacitors are rfe- 
moved as required when the unknown 
capacitor (Cx) is connected. Then: 
ao Ch Ce - (Cy —Cps) (2) 

Series techniques may also be used. 
Some suggestions on this subject are 
taken up in the resistance measurement 
section which follows. 

Resistance Measurements 

Resistance measurements are also in- 
direct measurements, and the procedure 
used is identical to that used for ca- 
pacitance measurements. In this case, 
however, we are interested in the major 
parameter of resistance. Figure 8 shows 
approximate limits of measurable re- 
sistance for indicated Q, values of 300 
and 500, Q» values of 20 and 10, and 
a /\Q of 10. Approximate limits for 
both parallel and series measurements 
‘are given. The upper limits of paral- 
lel measurements may be extended by 
utilizing higher Q reference inductors 
and smaller /\Q values. The lower lim- 
its of parallel measurements may be ex- 
tended, slightly, by using additional 
external capacitance. 

At ultra-high frequencies, series 
measurements present a more difficult 
problem. First, shunt capacitancé and 
series inductance of the series jig must 
be small relative to the resistance to be 
measured. Secondly, a low inductance 
and low resistance short-circuiting de- 
vice must be employed. 

In the Type 280-A, circuit component 
contact resistance is basically the lower 
limiting factor in series measurements. 
This contact resistance usually becomes 
a function of the component shape and 
may require a special machined fixture 
for a given component. 

A short cut to solving the multiple 
computations of the real component of 
parallel impedance measurements is il- 
lustrated in Figure 7. Curves for a given 
work coil, with Q; and frequency held 
constant, are plotted as a function of 
Q». and Rp. If the work coil is stable, 
well designed, rigid, well plated, etc., 
these curves, or a group of curves, can 
be used for general measurements over 
long periods of time. 


SPECIAL OR NONCONVENTIONAL 
MEASUREMENTS 

The basic parameters of L, C, and Q 
are often affected when brought near, 
Or in contact with, a component to be 
tested. Let us consider some specific 
instances and determine what measure- 
ments may be made. 


Figure 3. Q Resonance Curve 


Measurements Involving Change 
in Inductance and Resistance 

Iron cores, shells, toroids, and rods 
may now be tested simply, at higher 
frequencies, with the UHF Q Meter. It 
has been found that some defects are 
detectable in the resistive or Qe indica- 
tion at these frequencies (210 to 610 
Mc) that do not show up at the lower 
operating frequencies. 

The ferro-resonant frequency of some 
ferro-magnetic components may be de- 
tected on the resonance indicating met- 
er, if this resonance falls within the 
imstrument frequency range. 

Figure 9 suggests a possible jig de- 
sign for coupling these and other com- 
ponents, liquids, and materials into the 
inductive field of a test coil. The plastic 
plug can be machined to precisely posi- 
tion the specimen so that the change 
in C, L, or Q falls within the range of 
the instrument. A change of inductance 


OSCILLATOR 


JUMPER 


FREQ. 
MON. 


EXTERNAL —»je———— TYPE 280A 


(= 


indicates a change in effective per- 
meability and a change in Q indicates 
a change of specimen resistivity. A high 
degree of precision can be achieved in 
these measurements, since both the work 
coil and plug can be fabricated on pre- 
cision machines. 

A work coil and two plastic plugs, 
patterned after those shown in Figure 
9, were made and attached to the Q 
capacitor terminals on the UHF Q 
Meter, and a few experiments were per- 
formed which produced some interest- 
ing results. In the first experiment, a 
group of small shell cores were inserted 
in the plastic plug and tested at 400 
Mc. Q; was determined to be within 
5% of 630, and Q? was within 5% of 
284 for all cores. Inductance increased 
by 5%, indicating permeability greater 
than unity, even at 400 Mc. Core #4 
showed a 5% decrease in inductance, 
with a drop to 135 in Qs. This core 
was obviously of low-frequency material 
acting like a poor short circuit. This ex- 
periment indicates a technique for eval- 
uating inductive tuning or adjustment 
devices and their effects upon circuit 
Q at ultra-high frequencies. 

The author has long been curious 
about the effects of liquids on circuit 
Q. This curiosity led to the second ex- 
periment, performed to determine the 
effect of tap water on circuit Q, with 
and without a few salt crystals added. 
Q» measured for the clear water was 
610. Low losses, very little change in 
inductance, and approximately 1% in- 
crease in distributed capacitance were 
noted. A pinch of salt (NaCl) was 
then added and the effects noted. Qe 
dropped to 255, with no inductance 
change apparent. It can be concluded 
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CHOPPER 
AMPLIFIER 


JUMPER 


Figure 4. Block Diagram of UHF Q Meter Showing External Resonator Connections 
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then, that the RF resistivity or losses 
only change in a positive direction with 
the addition of salt. 


These experiments point up the ap- 
plication of the UHF Q Meter in the 
UHF inductive heating field (cooking 
of foods, curing of adhesives and resins, 
etc.) where it is important to know 
the frequency of optimum energy ab- 
sorption. 

Jigs similar in theory to the one dis- 
cussed above, but more sophisticated, 
may be constructed to detect, test, and 
measure more complex components 
and materials and to solve more exacting 
problems. For example, a capacitance- 
loaded or “end-tuned” coaxial resonator 
could be adapted to check toroidal be- 
havior under truly inductive conditions 
and with the flux lines in a specific 
plane. 

Measurements Involving 
Change in Capacitance and 
Resistance 

The measurement of the dielectric 
loss factor of Teflon, Polyethlene, etc., 
is one of the most difficult measure- 
ments to make with any degree of 
accuracy. For example, high-grade Tef- 
lon is known to have a loss factor of 
approximately 0.00014. 

The Type 280-A UHF Q Meter, with 
its frequency range of 210 to 610 Mc 
and Q range of 10 to 25,000, makes 
this equivalent high shunt resistance 
more readable. Further, since the Type 
280-A employs a bandwidth measuring 
system; ie, /\f is measured between 
the half-power points, permitting the 
use of frequency counting techniques; 
calibration and readability of the Q 
dials can be eliminated as a source of 
error and /\Q becomes more readable, 
limited only by our ability to measure 
Af. Let us consider the order of 
/\f or frequency changes that will be 
encountered for such a measurement. 
Conditions: 

1. The specimen capacitance (C,) 
should be about 10pf. 

. If a plate area of 0.6 inches is used, 
material thickness should be 1/32 
inch for approximately 10 pf Cy. 

3. Cy, under these conditions, should be 
approximately 15pf. 

4. Q; should be at least 500. 

5. Operating frequency is 300Mc. 

Solving for \Q: We can now solve for 

the expected A\Q for a 0.0001 dissipa- 

tion factor. In this case: 
1 
D 1-340, 10.000) 


x 
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Figure 5. Q Capacitor Terminal Dimensions 


Using the standard equation for Q: 
QiQ, C& 
Q: = x . (3) 
Cy 


Q 
Let: G,/ Gyr Ki 0 66ewhiches.a 
practical ratio adjustable by manipula- 
tion of inducance or frequency and spe- 
cimen thickness. Then: 


Qi Qe 
Q = (4) 
AQ 
since = 
Oo Op QO: O) 
and 
KQ:? 
AO eo) 
Qx + KQ, 
Example (for above conditions) : 
66 (500) 2 


~ 10,000 + .66 x 500 
66 (25 x 10*#) 
10,330 
10 
Calibrated dial divisions at this Q 
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Figure 6. Inductance Range of the UHF Q 
Meter (Direct Reading) 


value are 10 units. This means that 
estimates from the dial reading can be 
within approximately 20% of this AQ 
value. With a AQ of 16 at a frequency 
(f,) of 300 Mc, what is the frequency 
bandwidth change? Let us refer to this 
change as /\f3. The derivation of the 
equation used is as follows: 


f. f, 
Q: = > Afi i C7e 
Af, 1 
fr t 
Qe = ’ fo —— ae (8) 
fo Qe 


AQ= Qi —Q:, O07 = 03 
Afs = Afe—Afi (9) 
Fire soot 


Clearing: 


Q: Qe 
iS f, (Qi —Q2) 


Q: Qe 


f, (AQ) 
ee (10) 
Qi Q 


To compute the above example: 


300 Mc x 16 


Dis = 
500 x 484 


= .0198 Mc'or 19.838 kc 


From the above example, two factors 
stand out as important to the accuracy 
of measurement: First, the value of the 
ratio K in equation 4, especially if the 
Q dial readout is to be used, should ap- 
proach as close to unity as possible to 
optimize readability. Secondly, equa- 
tions 7, 8, 9, and 10 indicate that a 
frequency measurement technique can 
be used to measure Q;, Qo, and AQ. 

Use of an Auxiliary Frequency 

Counter to Measure Loss Factor 

Fortunately for those with dielectric 
loss measurement problems, the art of 
frequency measurement is highly re- 
fined and is really a simple solution 
to the loss-factor measurement problem. 
A popular frequency measuring device 
found in most laboratories is the fre- 
quency counter. This instrument, with 
a suitable transfer oscillator, has more 
than sufficient accuracy and resolution 
for this application. The frequency 
counter is connected to jack Jl at the 
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Figure 7. Rp versus Q2 and Cx 


rear of the Type 280A (Figure 4) 
which is provided especially for moni- 
toring the UHF Q Meter frequency. 
With this technique the accuracy of 
measurement is determined by the short- 
term frequency stability of the Type 
280-A and the stability of the half- 
power indicator in its most insensitive 
position (position of maximum stabil- 
ity). In this mode of operation, 0.5 kc 
per minute per 100 megacycles can be 
resolved with good repeatability. For 
this method of dielectric measurements, 
it is convenient to derive the equations 
for Q, and D, (dissipation factor) in 
terms of frequency. Considering the re- 
lationships of equations 7 and 8, equa- 
tion 3 can be written: 


f, f, 
x 
(Ate eee to ul Gy 
Qx SSS | =X —— 
i f; Cy 
>.< 
IGE) TANS: 
f.2 Afi x f. ( 
ee EE SS 
Ziyi x Afe Afoxf,—Afixfr Gi 
f,2 oe 
= D Oral 
Bre 7 to Nt) Gy 
f, Cy 
SS hit) 
Gite (ity) Cy 
pie fsty Cy 
D, = ————_ x — G25) 
i Cy 


Dielectric loss factor measurements in 
this range, were heretofore obtained by 
refined techniques and extreme skill. 
The Type 280-A /\f technique can 
achieve +10% accuracy (or one part 
in the fifth place) with considerable 
simplification of the measurement pro- 


cedure in this frequency range. 

Measurement of Semiconductor 

Components and Materials 

Since one of the key features of 
the new UHF Q Meter is high detector 
gain, low RF levels are available across 
the component to be tested. The level 
can be selected by the front panel SEN- 
SLTLY Liveuconcroltronr = 25) 9to.5250 
millivolts. Of the many components 
measurable in this RF voltage range, 
the variable-capacitor diode is one of 
the best examples. Here, one is most 
concerned with the behavior of Q and 
Capacitance as a function of bias and 
frequency. With 0.025 volts RF across 
the diode, investigations to almost zero 
bias (0.lv dc) can be made. RF im- 
pedance of detector and mixer diodes 
can be determined using standard Q 
Meter equations’. A suggested design 
for a diode jig, with provisions for bias- 
ing, is shown in Figure 1. Other para- 
metric and nonlinear components, in- 
cluding hie, hoe, and ho, of some UHF 
transistors, may be measured in a sim- 
ilar manner. Semiconductor material re- 
sistivity can be measured in the electro- 
static manner previously described un- 
der “Measurements Involving Change 
in Capacitance and Resistance”, or rel- 
ative resistivity can be obtained using 
the inductive jig previously described 
under “Measurements Involving Change 
in Inductance and Resistance.” 

External Resonator and 
“In Circuit’ Measurements 

One of the most interesting phases 
of the new UHF Q Meter application 
is the measurement of external reson- 
ators and “in circuit” measurements. Re- 
ferring to Figure 2B and 4, observe that 
there is really no direct connection to 
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Figure 8. Approximate Resistance Range of 
the UHF Q Meter 


the injection and detection circuits. The 
RF signal is actually magnetically 
coupled or induced into the Q capacitor 
by a piston-type inductive attenuator. 
This device is a tubular probe, with a 
single turn of wire at its end. The de- 
tector circuit is similar to a conventional 
diode probe used on many RF vacuum 
tube voltmeters and is coupled to the 
Q capacitor by merely bringing one end 
of it near the electrostatic field of the 
stator structure. 

The fact that there is actually no 
conductive connection to the circuit un- 
der test suggests many possible config- 
urations for making measurements. As 
shown in Figure 4, connections to the 
Q capacitor assembly have been made 
through a series of jacks and jumpers 
located at the rear of the instrument. 
This means that the oscillator and 
high-gain amplifiers may be discon- 
nected from the Q capacitor. 

External Resonators 

First, let us assure that we have a 
coaxial resonator and need to know its 
Q and resonant frequency. Due to the 
physical size of the component, it can 
not be mounted on the Q capacitor ter- 
minals. Even if it could be mounted, 
the minimum capacitance of 4pf would 
prohibit uncorrected measurements. The 
Type 280-A, with appropriate accessor- 
ies, can make these measurements on 
the bench rather than on the instrument. 
Figure 4 shows the connections for a 
typical resonator circuit. The piston 
attenuator and diode probes shown in 
Figures 1 and 4 will be made available 
as optional accessories for the Type 
280-A. 

The procedure for making this meas- 
urement is basically the same as for 
making conventional measurements, ex- 
cept that the “Level Set” controls (Q 
capacitor piston attenuator and Q ca- 
pacitor controls) are no longer opera- 
tive. The motion of the attenuator probe 
and adjustment of the dc potentiometer 
serve as the “Level Set” control once 
the detector probe has been positioned. 
The frequency or CIRCUIT Q dials are 
then tuned to obtain the resonant peak. 
The resonant frequency is read directly 
on the frequency dial, or by means of 
external frequency measuring equip- 
ment if desired. The Q measuring pro- 
cedure is the same as described above 
for inductors. ’ 

Care must be taken to avoid unex- 
pected loading of the resonator. Pre- 
vention of this loading is one function 
of the coupling block and is also the 
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reason that an adjustment is provided 
on the attenuator probe. Two Q read- 
ings, at different detector probe and 
attenuator probe settings, will establish 
the extent of loading. If there is any 
loading, Qe will be different than Qu. 

A plot of two or three Q readings 
as a function of coupling will show that 
Q approaches a limit, asymptotic to the 
Q value, at which the Type 280-A in- 
jection and detection circuit reflected 
losses are negligible. This Q value is 
the actual unloaded Q of the resonator 
under test. 

In resonators of this type, Q is im- 
portant as a method of determining 
bandwidth in receivers. The effects of 
circuit loading can be determined and 
optimized. 

As a power handling device, Q is re- 
lated to efficiency (E) as follows: 


Qu 


Ee =*100°(1 — Jao; 1S) 


Qu L 


where Q, = Q loaded and Qu, = Q 
unloaded. 
“In Circuit’’ Measurements 

A distinct advantage of the UHF Q 
Meter is its ability to measure the Q 
of resonant circuits (resonators) as 
they are connected and mounted in ac- 
tual use; ie., “in-circuit” measurements. 
This is extremely important, since the 
behavior of most resonators is a func- 
tion of many things. Resonators may 
take many forms; i.e., coaxial, cavity, 
open lines, strip lines, butterfly tanks, 
etc. An example of a typical “in-circuit” 
measurement problem is shown in Fig- 
ure 1. Here, flat strips are used to form 
a resonator for a developmental RF 
amplifier. It is important to know the 
Qz, and Qrz of the resonator to deter- 
mine the optimum efficiency versus 
bandwidth compromise. Coupling was 
achieved as illustrated, and the follow- 
ing example readings were made at 
400 Me: Ory == 4007 Ope 408 
= 100 (1 - 40/400) = 90%. It was 
found that due to radiation losses, Qui 
dropped to 300 with the shield removed, 
resulting in an efficiency of 100 (1- 
40/300) % = 84%. These efficien- 
cies were adequate, but a different tube 
type and aluminum shields resulted in 
LOO. Efficiency was 60% un- 
these conditions and, therefore, this 
be an unusuable config- 
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Figure 9. Suggested Design for an Induc- 
tance Jig 


Q at the self-resonant frequency of an 
inductor. The components are placed 
on a small ground plane in the vicinity 
of the probes, or in a convenient shield, 
to limit radiation losses and body capa- 
citance effects. By this means, any tun- 
ing or fixed capacitor desired may be 
employed. 

It is important to realize that meas- 
urements made in the manner described 
in this section yield Q,; i.e., the effective 
Q of the component and associated cir- 
cuit inperceptably influenced by the Q 
Meter, if care is used to determine suf- 
ficient probe decoupling. This is the 
actual “in-circuit” Q and can be used 
directly in circuit computations. The 
Type 280-A UHF Q Meter is the only 
Q Meter in existance that can measure, 
directly, the Q of a circuit that is res- 
onant at the frequency of measurement. 

To measure circuit “stray” capaci- 
tance, a coil may be calibrated on the 
Q capacitor and then soldered into the 
circuit at the desired points. The cir- 
cuit capacitance can then be computed 
from the relationship for resonance: 


1 
f= ———— 
+ w/LC 
or 
1 
Cc = ———_ (14) 
f2@ 2L 


The same technique can be applied to 
circuit inductances. 


CONCLUSION 

We have attempted to describe some 
of the applications of the new UHF Q 
Meter Type 280-A, but realize that 
there will be many more jobs for this 
versatile instrument; some of which are 
not apparent at this writing. These will 
provide worthwhile subject matter for 
future articles in The Notebook. 
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SERVICE NOTE 
RX Meter Null Indicator 


Proper operation of the Type 250-A 
RX Meter is dependent upon the correct 
balancing of the bridge circuit, and the 
bridge circuit cannot be correctly bal- 
anced if the NULL INDICATOR is not 
functioning properly. To check the 
operation of the NULL INDICATOR, 
proceed as follows: 

1. Select the desired measuring fre- 
quency by means of the OSC 
RANGE and OSC FREQ controls. 

2. Set the C, dial to “O Sanumame 
R, dial to oo. 

3. Unbalance the bridge by shorting 
the two binding posts and adjust- 
ing the DETECTOR TUNING 
knob until maximum deflection is 
obtained on the NULL INDICA- 
TOR. The meter pointer should 
indicate about 35 scale divisions. 
A peak of substantially less than 
this amount is usually an indication 
of an unusuable harmonic response 
instead of the desired fundamental. 
At higher frequencies, two funda- 
mental frequency peaks will be ob- 
sérved, either of which represents 
satisfactory tuning of the detector. 
Several secondary or harmonic 
peaks, which may be recognized by 
their relative sharpness and low 
amplitude, will be observed be- 
tween the fundamental peaks. Care 
should be taken not to tune to one 
of these harmonics, since this will 
produce erroneous readings or make 
bridge balance impossible. When 


maximum meter deflection has . 


been obtained, remove the short 
from across the binding posts and 
tighten the binding posts nuts. 

4. Balance the bridge by adjusting 
the three ZERO BALANCE con- 
trols, alternately, until a minimum 
deflection is obtained on the 


L 
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NULL INDICATOR. The indica- 
tion should not be more than 3 
scale divisions on the meter. At 
frequencies above 100 Mc, the 
COARSE R control should be ad- 
justed to its approximate mid- 
point position before null is 
sought. Since a slight interaction 
exists, at high frequencies, between 
the FINE R and C controls, it is 
important to use all three controls 
to obtain final balance. When an 
apparent null has been obtained, 
the circuit should be tested for true 
balance by slowly rocking the R, 
dial above and below the setting, 
and observing the NULL INDICA- 
TOR. If a deeper null is observed 


at some R, value other than oo, 
the R,, dial should be returned to 
the latter indication and a new 
balance obtained with the ZERO 
BALANCE controls. 


NOTE: When the measurement fre- 
quency is changed, steps 2 
through 4 above should be 
repeated. 

5. After the bridge is balanced as de- 
scribed above, set the frequency 
controls for 0.5 megacycles and 
change the R, dial setting from 
co to 100K. The NULL INDICA- 
TOR pointer should deflect upscale 
and indicate approximately 7 to 12 
divisions. 


A 10-500 Mc Signal Generator 


Power Amplifier 
ROBERT POIRIER, Development Engineer 


An increasing demand has developed 
for higher RF power output levels, in 
the 0 to 10 dbw maximum output range, 
over the frequency range from 10 to 500 
Mc, for the testing of communications 
systems and for general laboratory meas- 
urements. The need for higher power 
Output signal sources results mainly from 
strong signal and cross modulation re- 
quirements of certain receiver tests and 
the large input signal requirements of 

~bridge type devices. Because of the 

large number of existing signal gener- 
ators in the 0 dbm maximum output 
category, BRC has developed a tunable 
signal generator power amplifier for 
use with these instruments. The signal 
generator power amplifier is to be an 
accessory for use with any signal gen- 
erator having a maximum output in the 
vicinity of 0 dbm to provide a maxi- 
mum. output level in the vicinity of 
4 dbw. 

The new Signal Generator Power 
Amplifier Type 230-A conceived by the 
Boonton Radio Corporation, consists es- 
sentially of three tracked tuned, cascaded 
stages of grounded-grid amplification. 
The choice of grounded-grid triode am- 
plification was established primarily by 
a desire to provide a maximum oper- 
ating frequency of 500 Mc. Two other 
advantages which are accrued for 
grounded-grid triode amplification as 
compared with grounded cathode tet- 
rodes are: a low untuned input im- 
pedance which can be made nominally 
in the vicinity of 50 ohms, and a gain 


Figure 1. Block Diagram of Signal Generator 


Power Amplifier Type 230-A 
and maximum power output which are 
less sensitive to variations in load im- 
pedance. A minimum of 34 db power 
gain is to be provided for a frequency 
coverage of 10-500 Mc which will be 
continuously tuned in six slightly over- 
lapping ranges. The gain will be linear 
within 9.0% up to 10 volts output in a 
50-ohm termination. This provides that 
a maximum of 91% AM of a 5-volt 
carrier level, with 10% distortion of 
the modulation envelope, will be ob- 
tained for a 100% modulated (with no 
envelope distortion) input signal for 
which the carrier level approaches 0.1 
volt or —7 dbm. The changes in per- 
centage of modulation and envelope dis- 
tortion which may be developed in the 
Signal Generator Power Amplifier at 
the maximum output levels, become 
negligible for modulation crests of 0.5 
watt (5.0 volts rms in 50 ohms) or less. 
The linearity characteristic of the Signal 
Generator Power Amplifier is such that, 
in general, if the outgoing modulation 
crests exceed 0.5 watt, the modulation 


index will always be less than the in- 
coming modulation by an amount not 
exceeding 9.0% of the incoming mo- 
dulation. Whether, and in which direc- 
tion, the envelope distortion may be 
affected at the maximum _ output 
levels, depends on the magnitude and 
phase of the incoming envelope distor- 
tion components, if any. The effect 
should be within +10% for modulation 
crests of 10 volts rms in 50 ohms, di- 
minishing to 2% or less for modulation 
crests of 5 volts rms in 50 ohms or less. 
The absolute maximum power output 
over most of the frequency range is 4 
watts or 6 dbw (14.14 volts rms in 50 
ohms), but the linearity (and gain) is 
not specified beyond 2 watts or 3 dbw. 
The overall bandwidth of the three- 
stage power amplifier is not less than 
700 ke and is considerably greater over 
much of the frequency range. 

A block diagram, Figure 1, shows that 
a self-contained power supply and an 
output RF voltmeter are included with 
the Signal Generator Power Ampli- 
fier. The RF output voltage is metered 
from 0-15 volts in four convenient 
ranges. The detector and the metering 
circuit will withstand the high voltages 
which can be developed at the RF out- 
put jack when it is unterminated, or 
terminated in a load having a very high 
VSWR. The accuracy of the RF output 
voltage indication is specified at the 
output jack to be + 1.0 db of full scale 
over a frequency range of 10 to 250 Mc 
and +1.5 db from 250 Mc to 500 Mc 
for a 50-ohm termination having a 
VSWR of 1.0 (0 db) in each case. 

An _ electronically-regulated power 
supply is incorporated in the Signal 
Generator Power Amplifier to main- 
tain a constant final amplifier plate 
voltage against the large variations in 
final plate current which occur over the 
range of 0.5 to 4 watts RF output. Other 
features include 50 ohms input and out- 
put impedance with a VSWR of 2.0:1, 
or less, over the frequency range of 10- 
500 Mc. RF leakage is sufficiently low 
tO permit measurements at 0.1 volt. 

Since the demand for higher power 
signal generators comes almost exclu- 
sively from sources already supplied 
with low-power signal generators, it is 
felt that the Signal Generator Power 
Amplifier will conveniently and readily 
fulfill this demand, offering up to 2 
watts output for AM applications, or 
or up to 4 watts output for CW and 
FM, where amplitude linearity is un- 
important. 
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EDITOR’S NOTE 
New Look for BRC at IRE 


The. few weeks preceding the IRE 
show in March are pandemonium at 
BRC. Engineering and Sales are steeped 
in the problems of readying new instru- 
ments for showing and assuring that 
enough advance information is dissemi- 
nated to stimulate customer interest. 
Many last-minute details are being at- 
tended to and the loose ends are being 
gathered and knotted .The last days be- 
fore the show are tumultuous, but those 
in the midst of the turmoil are aware of 
the impact of the job they are doing, and 
in this there is solace. 


This year, BRC will show its instru- 
ment line in a new display booth; de- 
signed not only to provide an attractive 
setting for instrument display, but to 
make it easier for BRC engineers in at- 
tendance to handle demonstrations and 
inquiries. 


EACH YEAR,IN THE MONTH OF MARCH, A D 
HIGHLY COORDINATED EFFORT IS MADE-rera 


Of particular interest at the show will 
be the UHF Q Meter Type 280-A (the 
subject of the lead article in this issue), 
the Navigation Aid Test Set Type 235-A 
(described in Notebook Number 24), 
and the new Signal Generator Power 
Amplifier Type 230-A (described in 


this issue ). 
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Another “guess the Q” contest will be 
featured for those friends of BRC who 
welcome the challenge of a perplexing 
problem. Our engineers have, true to 
form, devised a resonant circuit which 
will be on display at the BRC booth. 
Contestants will be asked to estimate the 
Q of the circuit, enter this estimate on 
a contest card, and drop the entry into 
a special, locked receptacle. After the 
show, the Q of the resonant circuit will 
be measured on the UHF Q Meter Type 
280-A, by means of the “in circuit” tech- 
nique. Several measurements will be 
made and averaged. The entry which is 
closest to this average measured Q will 
be awarded a factory-reconditioned Q 
Meter Type 160-A. In case of a tie, a 
drawing will be held to determine the 
winner. 

Plan to visit the IRE show at the 
Coliseum in New York City and stop 
at the BRC exhibit (Booths 3101 and 
3102). Our engineering personnel on 
duty will be grateful for the opportunity 
to help you with your test equipment 
problems. 
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S. STERLING COMPANY 
4232 Brownsville Road 
Telephone: TUxedo 4-5515 


PORTLAND 9, Oregon 
ARVA, INC. 
1238 N.W. Glisen Street 
Telephone: CApital 2-7337 


RICHMOND 30, Virginia 
BIVINS & CALDWELL, INC. 
1219 High Point Avenue 
Telephone: Elgin 5-7931 
TWX: RH 586 


ROCHESTER 25, New York 


E. A. OSSMANN & ASSOC., INC. 


830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWX: RO 189 


SALT LAKE CITY, Utah 
GENE FRENCH COMPANY 
138 South 2nd East 
Telephone: EMpire 4-3057 
TWX: SU 253 


SAN FRANCISCO, California 
VAN GROOS COMPANY 
1178 Los Altos Avenue 
Los Altos, California 
Telephone: WHitecliff 8-7266 


SEATTLE 9, Washington 
ARVA, INC. 
1320 Prospect Street 
Telephone: MAin 2-0177 


SPOKANE 10, Washington 
ARVA, INC. 
East 127 Augusta Avenue 
Telephone: FAirfax 5-2557 


ST. PAUL 14, Minnesota 
CROSSLEY ASSOC., INC. 
842 Raymond Avenue 
Telephone: Midway 6-7881 
TWX: ST P 1181 


SYRACUSE, New York 


E. A. OSSMANN & ASSOC., INC. 


2363 James Street 
Telephone: HEmpstead 7-8446 
TWX: SS 355 


TORONTO, Ontario, Canada 
BAYLY ENGINEERING, LTD. 
Hunt Street 
Ajax, Ontario, Canada 
Telephone: AJax 118 
(Toronto) EMpire 2-374] 


VANCOUVER 1, B. C. Canada 
ARVA, INC. 
355 Burrard Street 
Telephone: MUtual 2-4323 


Printed in U.S.A. 
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' gaalders aud will be of definite assistance to those lacking thorough 
- troriics e 
Ds th kit construction. In the majority of cases, failure to 
c instruction fundamentals is responsible for inability to 
ired level of performance. = ee 
RECOMMENDED TOOLS . 
cessful construction of Heathkits does not require the use of 
ed equipment and only basic tools are required. A good quality 
ectric soldering iron is essential. The preferred size would be a 100 
_ watt iron with a small tip. The use of long nose pliers and diagonal or 
side cutting pliers is recommended. A small screw driver will prove 
adequate and several additional assorted screw drivers will be helpful. 
ae e sure to obtain a good supply of rosin core type radio solder. Never 
use separate fluxes, paste or acid solder in electronic work. 


BI Jaa ASSEMBLY 
In the actual mechanical assembly of components to the chassis and 
: pyeeel: it is important that the procedure shown in the manual be care- 
_ fully followed. Make sure that tube sockets are properly mounted in 
_ respect to keyway or pin numbering location. The same applies to 

_ transformer mountings so that the correct transformer color coded 
re will be available at the proper chassis opening. 
8-32 nuts. The only exception being in the use of solder lugs—the 
_ necessary locking feature is already incorporated in the design of the 
__ solder lugs. A control lock washer should always be used between the 
control and the chassis to prevent undesirable rotation in the panel. 
_ To improve instrument appearance and to prevent possible panel 
_ marring use a control flat nickel washer under each control nut. 
___ When installing binding posts that require the use of fiber insulating 
_ washers, it is good practice to slip the shoulder washer over the binding 
_ post mounting stud before installing the mounting stud in the panel 
hole provided. Next, install a flat fiber washer and a solder lug under 
_ the mounting nut. Be sure that the shoulder washer is properly 
_ centered in the panel to prevent possible shorting of the binding post. 
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__-- HELPFUL KIT BUILDING INFORMATION 


actual kit construction read the construction — 


mation is offered primarily for the convenience of novice _ 


edge of good construction practices. Even the advanced elec- - - 
usiast may benefit by a brief review of this material before 


Make ita standard practice to use lock washers under all 6-32 and. 
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: Li eeep WIRING foe ce te 
When following wiring procedure make the leads as short and direct — 


as possible. In filament wiring requiring the use of a twisted pair of - 


_ wires allow sufficient slack in the wiring that will permit the twisted 

_ pair to be pushed against the chassis as closely as possible thereby 
affording relative isolation from adjacent parts and wiring. — 

When removing insulation from the end of hookup wire, it is seldom — 

necessary to expose more than a quarter inch of the wire. Excessive 
insulation removal may cause a short circuit condition in respect to 
nearby wiring or terminals. In some instances, transformer leads of 

_ solid copper will have a brown baked enamel coating. After the trans- 
former leads have been trimmed to a suitable length, it is necessary to 
scrape the enamel coating in order to expose the bright copper wire 
before making a terminal or soldered connection. 

In mounting parts such as resistors or condensers, trim off all excess 
lead lengths so that the parts may be installed in a direct point-to- 
point manner. When necessary use spaghetti or insulated sleeving over 
exposed wires that might short to nearby wiring. 

It is urgently recommended that the wiring dress and parts layout 
as shown in the construction manual be faithfully followed. In every 
instance, the desirability of this arrangement was carefully determined 
through the construction of a series of laboratory models. 


SOLDERING 


Much of the performance of the kit instrument, particularly in respect 
to accuracy and stability, depends upon the degree of workmanship 
used in making soldered connections. Proper soldered connections are 
not at all difficult to make but it would be advisable to observe a few 
precautions. First of all before a connection is to be soldered, the 
connection itself should be clean and mechanically strong. Do not 
depend on solder alone to hold a connection together. The tip of the 
soldering iron should be bright, clean and free of excess solder. Use 
enough heat to thoroughly flow the solder smoothly into the joint. 
Avoid excessive use of solder and do not allow a flux flooding condition 
to occur which could conceivably cause a leakage path between 
adjacent terminals on switch assemblies and tube sockets. This is 
particularly important in instruments such as the VI'VM, oscillo- 
scope and generator kits. Excessive heat will also burn or damage the 
insulating material used in the manufacture of switch assemblies. 
Be sure to use only good quality rosin core radio type solder. 
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STANDARD COLOR CODE — RESISTORS AND CAPACITORS 


INSULATED. - 


FIRST RING 


7 . _ SECOND RING: | THIRD RING. | 
AXIAL LEAD RESISTOR UNINSULATED | . BODY COLOR END COLOR DOT COLOR - . ot ee Fes: 

Stown —taseloted Color First Figure Second Figure Multiplier - _DISC CERAMIC RMA CODE 
Black — Non-insulated BLACK 0 0 : é None 
BROWN ifs 1 :-Q 
—— ED rap 2- * 00 
ORANGE 3 3 ,000 
YELLOW 4 4, 0,000 
Tolerance GREEN & 5 00,000 
Multiplier BLUE 6 6 000,000 
Ist and 2nd Significant Figures VIOLET 7 2 0,000,000 

Wire wound resistors have sAl 8 8 30,000,000 

Ist digit band double width WHITE 9 9 000,000,000 


RADIAL LEAD DOT RESISTOR 
Multiplier 


olerance Ist Figure 
RADIAL LEAD (BAND) RESISTOR 
Multiplier : rats 
2nd Figure 
Tolerance Ist Figure 


The standard color code provides all necessary information re- 
quired to properly identify color coded resistors and capacitors. 
Refer to the color code for numerical values and the zeroes or 
multipliers assigned to the colors used. A fourth color band on 
resistors determines tolerance rating as follows: Gold = 
silver = 10%. Absence of the fourth band indicates a 20% 
tolerance rating. 


5-DOT RADIAL LEAD CE 
i 


BY-PASS COUPLING CERAMIC CAPACITOR 


5%, 


RAMIC CAPACITOR 


EXTENDED RANGE TC CERAMIC HICAP 
Bec 5" | | 


Temp. Coeff. Capacity 


TC Multiplier _ Multiplier — Tolerance 
AXIAL LEAD. CERAMIC CAPACITOR 


Tolerance 


The physical size of carbon resistors is determined by their: 
wattage rating. Carbon resistors. most commonly used in Heath-. 
kits are 14 watt. Higher wattage rated resistors when specified | 
are progressively larger in physical size. Small wire wound | 
resistors 14 watt, 1 or 2-watt may be color coded but.the first 
band will be double width. 


MOLDED MICA TYPE CAPACITO::S 


CURRENT STANDARD CODE 


Ste are r JAN 
White (RMA) aed ( Significant Figure 648 & 
Black (JAN) Multiplier RMA 
CODE 
Class Tolerance 
RMA (5-DOT OBSOLETE CODE) 
Wst{ 20 2 é ki s 
®nd Significant Figure the Eig AN aa Tolerance 
Multiplier QS Y Wy) Multiplier 
Front Ist 2nd Significant Figure 


Working Volt As 

Rear Ria shies _| WW? Multiplier 

Tolerance Working| QS WW) Tolerance 
Voltage Blank 


UBULAR CAPACITOR oot {ignition Figure 


Multiplier 


NESSES Normall 
N N N value 


Tolerance Significant 


Voltage Figure 
2 digit voltage rating indicates more than 900 V. 
dd 2 zeros to end of 2 digit number. 


The tolerance rating of capacitors is determined by the color 
code. For example: red = 2%, green = 5%, etc. The voltage 
rating of capacitors is obtained by multiplying the color value 
by 100. For example: orange = 3 X 100 or 300 volts. Blue = 
> X 100 or 600 volts. 


MOLDED FLAT CAPACITOR 


Black 


BUTTON SILVER MICA 
- CAPACITOR 4 


RMA 3-DOT (OBSOLETE) 
RATED 500 W.V.D.C. = 20% TOL 


Aa Class — SS a SS} 
: Moltiplier Tolerance NES 
ipli ‘ Dig 
and (er. : Multiplier §: 
nd Significant Figure 3rd digit 2nd Dig 


RMA 6-DOT (OBSOLETE) 
Ist 

aad Significant Figures 
ardf 


RMA 4-DOT (OBSOLETE) 


Working Voltage 


Qy 
AY NNW —— Multiplier 


2nd fo oe ; 
Ist Significant Figure 


WO DY HY 
olerancs 
Working Voltage 


ultiplier 


JAN. CODE CAPACITOR 
Ist Significant 


Commercial Code 
‘ 2nd Figure 


Silver 


Working Volts 


Multiplier 


2 
4 l sig ificant. Figure 
Ist ) 


Tolerance 
Characteristic 


In the design of Heathkits, the temperature coefficient of ceramic 
or mica capacitors is not generally a critical factor and there- 
fore Heathkit nianuals avoid reference to temperature coeffi- 
cient specifications. 
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. WARRANTY 


The Heath Company limits its warranty of any parts supplied ‘vith any Heathkit (except tubes, 
meters and rectifiers, where the original manufacturer’s guarantee only applies) to the replace- 
ment within three (3) months of said part, which when returned with prior permission, postpaid, 
was, in the judgment of the Heath Company, defective at the time of sale. ; 


The assembler is urged to follow the instructions exactly as provided. The Heath Company as- 
sumes no responsibility or liability for any damages or injuries sustained in the assembly of the 
device or in the operation of the completed instrument. . 


HEATH COMPANY 
Sst ee " Benton Harbor, Michigan 
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NOTES: 


A. NO INPUT SIGNAL 
B. SQUELCH CONTROL FULLY CLOCKWISE. 
1. COMPONENT NUMBERS ARE IN THE FOLLOWING GROUPS: E.) VOKGME CONTROLEDECY COONTERGLOCE MISE. 
T FREQUENCY OSCILLATOR CRYSTAL SELECTED. 
JABLEL ust 1-199 PARTS ON THE MAIN CIRCUIT BOARD. Se ee eet cnr goreTneat EC ITHEGT MDEKUATION 
SOVELCH CONTROL. SQUELCH CONTROL FULLY 201-299 PARTS IN THE CASE. 
FULLY CLOCKWISE, COUNTER CEOCKWISE, 301-399 PARTS IN THE BATTERY CHARGER TclevMEAUTNETCRIPETOHASCIS DE 
NO INPUT SIGNAL NO INPUT SIGNAL 401-499 PARTS ON THE RF DETECTOR. i (7 THIS SYMBOL INDICATES CHASSIS GROUND. 


oO THIS SYMBOL INDICATES A SOLDERED CONNECTION TO 


2. ALL RESISTORS ARE 1/4-WATT. 5% TOLERANCE, UNLESS OTHERWISE THE MAIN CIRCUIT BOARD. 


NOTED. RESISTOR VALUES ARE IN OHMS: K+1000, Mri,000, 000 


TABLES 1 AND 2 FOR VOLTAGES. 

3. CAPACITORS EQUAL TO OR LESS THAN .1 ARE IN uf o 
(MICROFARADS). ALL OTHER CAPACITORS ARE IN pF y TES A l Y THE KIT 
(PICDFARADS) UNLESS OTHERWISE MARKED. . Heya ‘eel leat bel iia 

4 INDUCTORS ARE SHOWN IN MH IMILLIHENRIES) AND pH 7. REFER TO THE “CIRCUIT BOARD X-RAY VIEWS" FOR THE PHYSIC 
(M | CROHENR IES). LOCATION OF PARTS 

5. THIS SYMBOL INDICATES A DC VOLTAGE MEASUREMENT ae 
© TAKEN WITH A HIGH INPUT [IMPEDANCE VOLIMETER FROM £ @D dhe EAL 
THE POINT INDSCATED TO CHASSIS GROUND UNDER THE FOLLOWING ; INDICATES TEST POINT USED ONLY WHEN ALIGNMENT 1 
CONDITIONS: PERFORMED WITHOUT (NSTRUMENTS 
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